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ABSTRACT

The Navy Pacific Missile Test Center (PMTC) requested that the U. S. Army Mate-
rials Technology Laboratory (MTL) perform a series of metallurgical tests on 16 compo-
nents of the BSU-86/B bomb fin assembly. The parts were characterized in accordance
with applicable standards and contractual requirements as part of a First Article Inspec-
tion to confirm and verify specific fabrication operations performed by the manufacturer.
The intent of the First Article Inspection is to certify the ability of the manufacturer to
produce a component which satisfies the standards of quality and workmanship agreed
upon by the U. S. Government and contractor.

All components tested conformed to the established criteria for hardness and chemi-
cal composition. The bomb fins satisfied the minimum ultimate tensile strength (UTS) of
73,000 psi, as well as the intergranular corrosion test. Metallographic examination veri-
fied that the microstructure of all the components reflected their corresponding heat
treatment and/or prior fabrication. The thickness of the surface coatings examined con-
formed to required specifications with the exception of the zinc plating located on the
link pin which did not meet minimal thickness requirements. The components satisfied
the acceptance standards for salt spray testing except for the link pin. Recommenda-
tions were provided to strip and replate the link pins already produced with inferior
coatings at the request of PMTC.
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INTRODUCTION

Sixteen components of the BSU-86/B bomb fin assembly obtained from a First Article
Inspection of Defense Research. Inc. (DRI) were submitted by the Pacific Missile Test Center
(PMTC) to the U.S. Army Materials Technology Laboratory (MTL) to verify their confor-
mance to applicable drawing specifications. Macrographs of each component in the as-
received condition are shown in Figures 1 through 16. A listing of the components under
evaluation and their corresponding engineering drawing numbers are listed in Table 1.

Figure 1. Macrograph of the clevis in as-received condition. MAG 0.25X

Figure 2. Macrograph of the clevis bolt in as-received condition. MAG 1X



Figure 3. Macrograph of the collar in as-received condition. MAG 0.3X

Figure 4. Macrograph of the bomb fin in as-received condition, MAG 0 2X



Figure 5. Macrograph of the fin spring in as-received condition. MAG 07X

Figure 6. Macrograph of the fin support in as-received condition. MAG O.15X

Figure 6. Macrograph of the guide tuoe in as-received condition. MAG 0.25X
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Figure 8. Macrograph of the latch in as-received condition. MAG 1 .5X

Figure9. Macrograph of the lever in as-received condition. MAG 1 .5X

Figure 10. Macrograph of the link in as-received condition. MAG 0 15X
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Figure 11. Macrograph of the self-locking nut in as-received condition. MAG 2X

Figure 12. Macrograph of the setscrew in as-received condition. MAG 2X

Figure 13. Macrograph of the link pin in as-received condition. MAG IX
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Figure 14. Macrograph of the s' 3ck absorber in as-received condition. MAG 0.15X

Figure 15. Macrograph of spring arming wire housing
assembly in as-received condition MAG 0. 15X
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Figure 16. Macrograph of tension spring in as-received condition. MAG lX

Table 1. COMPONENTS UNDER EVALUATION

NAVAIRSYSCOM

Number Component Drawing No.

1 Clevis 2605248

2 Clevis Bott AN28-604 (vendor part no.)

3 Collar Z605199

4 Fin 923AS160

5 Fin Spring 1561419

6 Fin Support 2t 05094

7 Guide Tube 1298307

8 Latch 923AS254

9 Lever 923AS253

10 Link 2877672

11 Link Pin 1562347

12 Self-Locking Nut NAS10ZZN8 (vendor part no.)

13 Setscrew 2877751

14 Shock Absorber 2605175

15 Spring Arming Wire Housing Assembly 923AS5225-2

16 Tension Spring 923AS227

PROCEDURE

The BSU-86/B component drawings were reviewed to establish a test schedule based on
the applicable drawing requirements. The testing consisted of chemical analysis, hardness test-
ing, metallographic examination, salt fog testing, tensile testing, and intergranular corrosion
:.csts. The required testing for each component along with the governing specification is
listed in Table 2.
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Table 2. COMPONENT TESTING REQUIREMENTS AND GOVERNING SPECIFICATIONS

Key

C = Chemical Analysis

H = Hardness Testing

S = Saht Spray Fog Testing
T = Tensile Testing

I= lntergranular Corrosion Testing

NOTE: All components were examined metallographically.

Number Component Test Governing Specification

1 Clevis C AMS-4153
H AMS-4153
S MIL-A-8625

2 Clevis Bolt C AMS-6300
H MIL-B-6812
S QQ-P-416

3 Collar C AMS-4154
H AMS-4154
S MIL-A-8625

4 Fin T E.D. 923AS160
I MIL-H-6088F

5 Fin Spring C MIL-S-5059
H MIL-S-5059
S QQ-P.35

6 Fin Support C MIL-A-12545
H MIL-A-12545
S MIL-A-8625

7 Guide Tube C 00-A-200/5

8 Latch C MIL-S-5059
H MIL-S-5059
S 00-P-35

9 Lever C AMS-5342
H AMS-5342
S QQ-P-35

10 Link C QQ-A-225/9
S MIL-A-8625

11 Link Pin C ASTM A 108
H E.D. 1562347
S QQ-P-416

12 Self-Locking Nut H MIL-N-25027
S 00-P-416

13 Setscrew H MIL-G-18240
S QQ-P-416

14 Shock Absorber C ASTM A 513
H E.D. 2605175
S QQ-P-416

15 Spring Arming Wire C 00-A-250/1 1
Housing Assembly

16 Tension Spring C ASTM A 313
H ASTM A313
S 00-P-35
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In order to expedite the First Article Inspection review and meet established deadlines
for the collection of test data, the components were sectioned immediately upon arrival at
MTL. Two cross-sectional specimens were taken from the parts. One specimen was cut into
small chips for chemical analysis utilizing a diamond blade on a cutoff machine. The remain-
ing sample was mounted and prepared for metallographic examination and subsequent hard-
ness testing. The cut surfaces of the components were then cleaned and, as required by
applicable specifications, coated to prevent false corrosion indications during salt spray testing.
After the components were subjected to salt spray testing, they were examined visually. Dia-
grams displaying how each specimen was sectioned are shown in Figure 17. Tensile tests, as
well as intergranular corrosion tests, were then performed on samples fabricated from the
bomb fin assembly.

Key

I = Chemical Analysis Sample
II = Metallographic and Hardness Sample
III = Salt Spray Sample
IV = Tensile Sample
V = Intergranular Corrosion Sample

I 
7

surface
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CLEVIS BOLT

Figure 17. Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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Figure 17 (cont'd). Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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Figure 17 (cont'd). Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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Figure 17 (cont'd). Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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Figure 17 (cont'd). Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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Figure 17 (cont'd). Component sectioning diagrams showing test
sample preparation (drawings not to scale).
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TEST RESULTS

Hardness Testing

Ten hardness measurements were taken of each mounted metallographic specimen. The
hardness test chosen, either Rockwell B (macro), Rockwell C (macro), or Knoop (micro),
depended upon the anticipated material hardness and the available cross-sectional area.
Approximate values for Brinell hardness and tensile strength were obtained from a Wilson
Conversion Chart.

In each of the following hardness tables (see Tables 3 through 13), the component is iden-
tified and the hardness test performed is indicated. The required hardness has been listed
and can be compared to the measured values. The hardness of each component satisfied the
requirements specified on the engineering drawing.

Table 3. MACROHARDNESS MEASUREMENTS

Rockwell "C" Scale
150 kgf Load

Diamond Penetrator
Setscrew

Reading HRC
1 44.0
2 46.7 1 * 4

3 48.0 2 5

4 45.5 3 6
5 46.6 7
6 48.0 9 10
7 48.7 .

8 48.8
9 48.4 Cross-sectional sample that

10 47.9 was hardness tested.

Avg. 47.3
S.D. 1.55
Required 45-53
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Table 4. MACROHARDNESS MEASUREMENTS

Rockwell "C" Scale
150 kgf Load

Diamond Penetrator
Link Pin

Reading HRC
1 30.9
2 33.0

3 33.0 s2

4 32.2 03

5 33.2 9 010 4

6 33.6 .8
7 33.7 08.7 *65

8 33.7
9 33.8 Cross-sectional sample that

10 31.8 was hardness tested.

Avg. 33.0
S.D. 0.94
Required 27-33

Table 5. MACROHARDNESS MEASUREMENTS

Rockwell "C" Scale
150 kgf Load

Diamond Penetrator
Clevis Bolt

Reading HRC

1 29.7
2 30.2

3 30.0 92

4 29.7 3
5 30.3 .8 10

6 31.4 a4

7 31.8

8 31.9
9 32.3 Cross-sectional sample that

10 31.2 was hardness tested.

Avg. 30.9
S.D. 0.98
Required 26-32
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Table 6. MACROHARDNESS MEASUREMENTS

Knoop Hardness
20X to 500 gf Load

Pyramidal Diamond Indenter
Tension Spring

Tensile Strength (ksi)
Reading Knoop Conversion 1

1 574 273 22

2 540 255 3

3 519 246 4

4 567 270 5

5 580 277 6
6 558 264 7 7
7 579 2759 10

8 571 270
9 614 292

Cross-sectional sample that
10 524 246 was hardness tested.
Avg. 267

S.D. 14.44

Minimum 248
Requirement

Table 7. MACROHARDNESS MEASUREMENTS

Rockwell "C" Scale
150 kgf Load

Diamond Penetrator
Lever * 1

Reading HRC 2

1 37 3

2 38 4
53 376

4 38 , 7

5 38 . 8

6 37 . 9

7 38 10

8 38
9 38 Cross-sectional sample that
10 37 was hardness tested.

Avg. 37.6

S.D. 0.52

Minimum 30
Requirement
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Table 8. MICROHARDNESS MEASUREMENTS

Knoop Hardness
20X to 500 gf Load

Pyramidal Diamond Indenter
Latch " 1

Reading Knoop HRC Conversion 2

1 389 39 3

2 372 37 * 4
3 356 36 * 5
4 399 40 , 6

5 383 38 -. -7

6 414 41 o 8

7 412 41 * 9
8 379 38 10

9 374 37

10 400 40

Avg. 38.7 Cross-sectional sample that

S.D. 1.77 was hardness tested.

Required 37-41

Table 9. MICROHARDNESS MEASUREMENTS

Knoop Hardness
20X to 500 gf Load

Pyramidal Diamond Indenter 1
Fin Spring 2

Reading Knoop HRC Conversion 3
1 389 39

2 537 37

3 356 36 5

4 399 40 6

5 383 38 7

6 414 41 * 8
7 412 41 9 g
8 379 38 10
9 374 37
10 400 40

Avg. 38.7 Cross-sectional sample thatwas hardness tested,S.D. 1.77

Required 37-41
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Table 10a. MACROHARDNESS MEASUREMENTS

Rockwell 1B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Shock Absorber - Convoluted Section 1

Reading HRB 3 2

1 78.3 *

2 77.0 5

3 79.0 5
4 79.5 * 6

5 78.0 7 8
6 77.3
7 79.4 1 0

8 79.0

9 77.8

10 76.3 Cross-sectional sample thatwas hardness tested.
Avg. 78.2

S.D. 1.08
Required 54-60

Table lob. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Shock Absorber - Convoluted Section

Reading HRB 2

1 74.8 3

2 74.7 4
3 76.5! 5
4 74.4 * 6

75 74.3 B
6 73.6 9
7 75.1 10

8 74.5

9 74.1

10 75.2 Cross-sectional sample that
Avg. 74.7 was hardness tested.

S.D. 0.78
Required 54-60
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Table 10c. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Shock Absorber - Convoluted Section

Reading HRB

1 73.1 1 2 3 4

2 74.5

3 73.2 5 6 7

4 74.1 * .

5 74.6

6 73.8 8 9 10

7 73.7

8 74.2

9 73.9
Cross-sectional sample that

10 74.3 was hardness tested.

Avg. 73.9

S.D. 0.51

Required 54-60

Table 10d. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Shock Absorber - Convoluted Section

Reading HRB

1 69.6

2 70.8 6 .5.4

3 69.9

4 69.3 o7 03

5 69.5 '8 10 22
6 69.1 69 6 1

7 70.5

8 71.4
9 69.1 Cross-sectional sample that

was hardness tested.
10 69.4

Avg. 69.9

S.D. 0.78

Required 54-60
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Table 10e. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Luad

1/16 Inch Diamond Penetrator
Shock Absorber - Flat Section

Reading HRB

1 60.3

2 60.6

3 59.6

4 59.2

5 59.8

6 58.3 123 5 678910

7 59.0

8 59.1
60.5 Cross-sectional sample that

was hardness tested.

10 61.8

Avg. 59.8

S.D. 1.01

Required 54-60

Table 10f. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Shock Absorber - Flat Section

Reading HRB

1 62.0

2 61.2

3 62.2
S • • 0 • 6 0 0 0 0

4 60.5

5 60.4 1 2 3 4 5 6 7 8 9 10

6 60.1
7 59.4

8 59.6
Cross-sectional sample that9 60.2 was hardness tested.

10 60.8

Avg. 60.6

S.D. 0.93

Required 54-60

21



Table 11. MICROHARDNESS MEASUREMENTS

Knoop Microhardness
20X to 500 gf Load

Pyramidal Diamond Indenter
Collar

Reading Knoop Brinell Conversion 1

1 189 172 2
2

2 190 174 * 3

3 188 172 4
. 5

4 184 169 6

5 184 169 7

6 181 166 ' 8
7 181 166 9
8 184 169 - 10

9 186 170

10 186 170 Cross-sectional sample that

Avg. 169.7 was hardness tested.

S.D. 2.54

Required 135-140

Table 12. MICROHARDNESS MEASUREMENTS

Knoop Microhardness
20X to 500 gf Load

Pyramidal Diamond Indenter
Support Fin

Reading Knoop Brinell Conversion

1 162 147

2 163 150
3 164 150

4 164 150 1 2 3 . 7 8 9 10

5 169 156

6 168 153
7 1Cross-sectional sample that

181 165 was hardness tested.
8 186 170

9 , 74 159

10 160 147

Avg. 154.7

S.D. 7.8

Minimum 135
Requirement
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Table 13. MACROHARDNESS MEASUREMENTS

Rockwell "B" Scale
100 kgf Load

1/16 Inch Diamond Penetrator
Clevis

Reading HRB Brinell Conversion

1 78.3 144 .1 2 a 3

2 82.3 156 e4
3 82.5 157

4 83.2 159

5 83.0 159 7 8 9 010

6 83.5 160

7 83.0 159 Cross-sectional sample that

8 82.9 159 was hardness tested.

9 83.0 159

10 82.9 159

Avg. 157.1

S.D. 4.74

Minimum 130
Requirement

The shock absorber showed readings well above the required hardness values; these read-
ings, however, were taken on the convoluted section of the shock absorber (see Tables 10a
through 10d). Since this portion of the shock absorber was worked during fabrication, its tcn-
site strength and subsequent hardness are increased. The shock absorber was fabricated of
1010 steel, which exhibits a marked increase in tensile strength due to cold working and
strain hardening. Note that the readings fall within the required range when the measure-
ments were taken on an area of the shock absorber that was not convoluted (see Tables 10c

and 10).

CHEMICAL ANALYSIS

The chemical compositions of the BSU-86/B bomb fin assembly components vcrc deter-
mined by atomic absorption and inductively-coupled argon plasma emission spcctromctry. This
procedure quantifies the elemental composition of each specimen as a percentage of total
weight. The carbon and sulfur contents were determined by the LECO combustion method.
All of the analyzed components satisfied their specified chemical compositions.

Results of the chemical analysis, as well as nominal chemical compositions (where
applicable), are shown in the following table.
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Table 14. CHEMICAL COMPOSmONS OF BSU-86/B BOMB FIN ASSEMBLY COMPONENTS

Clevis

Element Cu Mg Mn Fe Si Zn Ti C A

Percent 4.41 0.38 0.68 0.18 0.72 0.054 0.024 0.009 Rem.

Nominal 3.9-5.0 0.2-0.8 0.4-1.2 <0.7 0.5-1.2 <0.25 <0.15 <0.1 Rem.

The clevis conforms to AMS 4153 for 2014-T6 extruded alumininum alloy.

Clevis Bolt

Element C S Cu Mn Mo Ni P Si Cr

Percent 0.377 0.017 0.076 0.86 0.21 0.089 0.017 0.26 0.14

Nominal 0.35-0.40 <0.04 <0.35 0.7-0.9 0.2-0.3 <0.25 <0.04 0.15-0.35 <0.20

The clevis bolt conforms to AMS 6300 for low alloy forged steel.

Collar

Element Zn Mg Cu Cr Fe Si Mn Ti Al

Percent 5.39 2.25 1.36 0.20 0.13 0.069 0.015 0.029 Rem.

Nominal 5.1-6.1 2.1-2.9 1.2-2.0 0.18-0.28 <0.5 <0.4 <0.3 <0.2 Rem.

The collar conforms to AMS 4154 for 7075-T6 aluminum alloy.

Fin Spring

Element C Mn P S Cr Ni Si Cu Mo
Percent 0.079 1.39 0.027 0.008 16.9 7.33 0.46 0.43 0.35

Nominal :50.15 _52.0 _50.045 _50.03 16.0-18.0 6.0-8.0 _<1.0 _50.75 _50.75

The fin spring conforms to MIL-S-5059 for stainless steel.

Fin Support

Element Si Fe Cu Mn Mg Cr Zn Ti Al
Percent 0.072 0.19 1.31 0.014 2.16 0.24 5.35 0.029 Rem.

Nominal _50.40 _50.50 1.2-2.0 _50.3 2.1-2.9 0.18-0.28 5.1-6.1 <0.2 Rem.

The fin support conforms to MIL-A-12545 for 7075-T6 aluminum alloy.

Latch

Element C Mn P S Cr Ni Si Cu Mo
Percent 0,099 1.39 0.022 0.011 17.3 7.61 0.33 0.16 0.16

Nominal 50.15 -52.0 -50.045 50.03 16.0-18.0 6.0-8.0 -<1.0 _0.75 _50.75

The latch conforms to MIL-S-5059 for 301 chromium-nickel stainless steel.
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Table 14 (cont'd). CHEMICAL COMPOSITIONS OF BSU-86/B BOMB FIN ASSEMBLY COMPONENTS

Lever

Element C Mn Si P S Cr Ni Nb + Ta Cu Al Sn

Percent 0.007 0.44 0.59 0.023 0.011 16.2 4.15 0.21 0.020 3.23 0.027 0.011

AMS-5342 _50.06 _50.7 0.5-1 _<0.025 50.025 15.5-16.7 3.6-4.6 0.15-0.40 2.8-3.5 :50.05 _<0.02

The lever conforms to AMS 5342 for 17-4 PH stainless steel.

Link

Element Mg Si Cu Cr Fe Ti Mn Zn Bi Al

Percent 2.21 0.055 1.46 0.19 0.13 0.028 0.017 5.31-5.57 .008 Rem

QQ-A-225/9 2.1-2.9 _50.4 1.2-2.0 0.18-0.28 <0.5 -50.2 _50.3 5.1-6.1 i_0.05 Rem

The link conforms to QQ-A-225/9 for 7075-T6 aluminum alloy.

Link Pin

Element C Mn P S

Percent 0.331 1.44 0.01 0.12

ASTM A 108 0.32-0.39 1.35-1.65 _50.04 0.08-0.13

The link pin conforms to ASTM A 108 for 1100 series steel.

Self-Locking Nut

Element C S Al Co Cu Mn Mo Ni P Si

Percent 0.051 0.017 0.023 0.017 0.017 0.44 0.034 0.049 0.015 0.07

No chemical specification for the self-locking nut was cited on the engineering drawing.

Setscrew

Element C S Al Co Cu Mn Mo Ni P Si

Percent 0.368 0.031 0.024 0.017 0.15 0.79 0.21 0.17 0.007 0.23

No chemical specification for the setscrew was cited on the engineering drawing.

Shock Absorber

Element C Mn P S

Percent 0,089 0.40 _50.004 0.011

ASTM A513 0.08-0.13 0.3-0.6 _<0.04 50.05

The shock absorber conforms to ASTM A513 for grade 1010 steel.
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Table 14 (cont'd). CHEMICAL COMPOSmONS OF BSU-86/B BOMB FIN ASSEMBLY COMPONENTS

Spring Arming Wire Housing Assembly

Element Mg Si Cu Fe Cr Zn Ti Mn Al

Percent 1.13 0.49 0.23 0.49 0.19 0.049 0.017 0.055 Rem.

QQ-A-250/11 0.8-1.2 0.4-0.8 0.15-0.4 50.7 0.04-0.35 <0.25 :r0.15 _<0.15 Rem.

The spring arming wire housing assembly conforms to Q-A-250/1 1 for 6061 -T6 aluminum.

Tension Spring

Element C Mn P S Si Ni Cr

Percent 0.059 1.36 0.023 0.009 0.31 8.72 18.1

ASTM A313-302 :_0.15 !!2.0 <_0.045 :50.03 :_1.0 8.0-10.5 17-19

ASTM A313-304 :_0.08 :_2.0 :_0.045 :50.03 :5 1.0 8.0-10.0 18-20

The tension spring conforms to ASTM A 313 for 302 or 304 stainless steel.

Tube, Guide Wire

Element Si Fe Cu Mn Zn Al

Percent 0.25 0.53 0.13 1.17 0.02 Rem.

QQ-A-200/5 50.6 50.7 0.05-0.2 1-1.5 <-0.1 Rem.

The guide wire tube conforms to QQ-A-200(5 for 3003 aluminum.

SALT SPRAY TEST

A salt spray test was performed on components of the BSU-86/B bomb fin assembly in
accordance with ASTM B 117 to test the integrity of the component coatings in a corrosive
environment. The procedure and test criteria for each part is listed below along with the
results.

Procedure

Lcvcr

The Lever was cleaned in a 20% HNO 3 sobition in accordance with ASTM A 380. The
lever tension spring, latch, and fin spring were subjected to salt spray testing for a minimum
of two hours. The parts were then evaluated for corrosion using the criterion from Section
3.7.2 of QQ-P-35C which states, "...the passivated surface shall be capable of withstanding salt
spray exposure without evidence of rust or staining."

Results

The samples did not show any evidence of corrosion during thc testing period and upon
final inspection.
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Procedure

Self-Locking Nut, Setscrew, and Clevis Bolt

The self-locking nut, setscrew, and clevis bolt were subjected to salt spray testing for 96
hours in accordance with QQ-P-416. These components all have Type II, Class B cadmium plat-
ing in accordance with their appropriate specification. The corrosion criterion given by QQ-P-
416 for cadmium coating reads:

"(E-2a). The appearance of white corrosion products, visible to the unaided eye at normal
reading distance, at scratches through the chromate film to the cadmium plate or at unscratched
areas of the chromate film, shall be cause for rejection except that white corrosion products at
sharp edges shall not constitute failure.

(E-2b). The appearance of more than six corroded areas per square foot of surface that are
visible to the unaided eye, or of any corroded areas larger than 1/16 inch in diameter, shall be
cause for rejection. For purposes of this requirement, a corroded area is defined as exposure of
corrosion of the basis metal."

Results

The self-locking nut, setscrew, and clevis bolt displayed no evidence of corrosion after testing.

Procedure

Collar, Fin Support, Clevis, and Link

The collar, fin support, clevis, and link were exposed to salt spray (5% NaCI in solution)
for 336 hours in accordance with MIL-A-8625E. These samples were evaluated using the cri-
terion set forth in MIL-A-8625E which states:

"When visually examining for corrosion resistance, test specimens shall show no more than a
total of 15 isolated spots or pits, none larger than 0.031 inch in diameter, in a total of 150
square inches of test area grouped from five or more test pieces; nor more than five isolated
spots or pits, none larger than 0.031 inch in diameter, in a total of 30 square inches from one
or more test pieces; except those areas within 0.062 inch from identification markings. edges, and
electrode contact marks remaining after processing."

Results

The clevis, collar, fin support, and link displayed no evidence of corrosion upon final
inspection.

Procedure

Link Pin and Shock Absorber

The link pin (NAVAIR Engineering Drawing No. 1562347) and shock absorber
(NAVAIR Engineering Drawing No. 2605175) may be coated with either zinc or cadmium. It
was determined through energy dispersing spectroscopy (EDS) that the link pins and shock
absorber had been zinc plated. These components were subjected to salt spray testing for
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96 hours as specified in ASTM B633 for SC4 zihc plating. The evaluation criterfon set forth
in ASTM B633, Section 7.4 reads:

"Zinc coatings with Type II and Type III treatments shall show neither corrosion products
of tie zinc nor basis metal corrosion products at the end of the test period. The appcarance
of corrosion products visible to the unaided eye at normal reading distance shall bc cause for
rejection except that white corrosion products at the edges of specimens shall not constitute
failure."

Results:

The shock absorber showed no evidence of corrosion products, neither of the zinc plate
nor the basis metal.

Link pin (1) showed substantial evidence of white corrosion products and corrosion pro-
ducts of the basis metal, as shown in Figures 18 through 20, are macrographs revealing the
corrosion of base metal on link pin (2) upon final inspection. Link pin (2) also showed
evidence of corrosion produts, as illustrated in Figure 21. Corrosion of the base metal x.as
observed upon further magnification of link pin (2), as shown in Figures 22 and 23. Failure
could be due to either a lack of surface preparation before coating or an insufficient plating
thickness. A discussion of the surface coating is presented in the "Coating Thickness
Measurements" section of this report.

Figure 18. Macrograph of link pin (1) following salt spray test period.
White powder corrosion is evident. MAG lX

Figure 19, Macrograph of link pin (1) revealing corrosion of base
metal following salt spray test period MAG 7 5X



Figure 20. Base metal corrosion of link pin (1) at higher
magnification (see Figure 19). MAG 40X

Figure 21 Macrograph of link pin (2) following salt spray test period
White powder corrosion is evident MAG lX
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Figure 22. Macrograph of link pin (2) showing corrosion of base
metal following salt spray test period. MAG 7.5X

Figure 23 Base metal corrosion of link pin (2) at higher
magnification (see Figure 22). MAG 40X
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METALLOGRAPHIC EXAMINATION

Micrographs were taken of BSU-861B bomb fin assembly specimens to determine whether
the microstructures conformed to corresponding material specifications. The specimens were
examined with the metallograph and no excessive abnormalities were observed. A summary of
the microstructures follows:

Clevis

Evidence of recrystallization at grain boundaries and an even dispersion of precipitates
are representative of the heat treatment and age hardening processes conforming to 2014-T6
aluminum alloy (see Figure 24a). A possibility of slight overaging exists at the outside sur-
face of the component (see Figure 24b).

Clevis Bolt

The microstructure indicates a fine tempered martensitic steel, conforming to MIL-B-6812
(see Figure 25). The slight decarburization evident at the surface is well within the permissi-
ble range specified in AMS 6300 (refer to Figure 40).

Collar

The microstructure is representative of solution-treated, quenched, and artificially-aged
7075 aluminum alloy in the T6 condition. Grain elongation is evidence of the extrusion
process. The material conforms to AMS 4154 (see Figure 26).

Fin Spring

The nickel-stabilized austenitic structure depicted in the micrograph is representative of 301
stainless steel, as specified in MIL-S-5059. The flow lines indicate prior forming (see Figure 27).

Fin Support

The microstructure is representative of the solution heat-treatment and age-hardening
process utilized for the 7075 aluminum alloy specified in MIL-A-12545, as evidenced by the
observed precipitates. Grain elongation is generated by the fabrication process (see Figure 28).

Latch

The 301 stainless steel had been annealed and contained an equiaxed grain structure.
Flow lines reveal evidence of prior processing. Evidence of a carbide network could not be
discerned in accordance with MIL-S-5059D (see Figure 29).

Lever

The microstructure of the 17-4 PH stainless steel consisted of pools of ferrite and ferrite
stringers in a tempered martensitic matrix. The material conforms to AMS 5342 (see Figure 30).

31



S .4 sa.

* * 4*s 40
04,:. 4 4 r

* . a * *b

O.P.

#' ~ '~4A
* -'

* ~*, 4 * *.4' . ~ ~ 4 *

Fiur 24aS. . Opia mirgrp of th 4ssown yia

mirsrutr of21-6au iu lo.M G2O

V, 4.' ... .4

Fiur 24b Opia irgahsoig lgtoea ga h

ousd surac of.\ th clvi [pcie M 2



Figure 25. Optical micrograph of the clevis bolt showing
typical fine tempered martensite. MAG 1 OCOX
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Figure 29. Optical micrograph of the latch showing equiaxed
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Unk

The specimen displayed recrystallization at grain boundaries and an equiaxed grain struc-
ture. The microstructure was indicative of a 7075-T6 aluminum alloy conforming to QQ-A-225/19
(see Figure 31).

Link Pin

The lathe martensite microstructure is typical of carbon steel which has been solution
heat-treated and rapidly quenched conforming to ASTM 108 (see Figure 32).

Self-Locking Nut

Pools of pearlite within a ferritic matrix are representative of the heat treatment utilized
for this low carbon steel. Grain elongation reveals prior processing (see Figure 33).

Setscrew

The microstructure is representative of a typical quenched and tempered low alloy steel
(see Figure 34).

Shock Absorber

The microstructure consists of a ferritic core containing pools of pearlite. A self-
annealing process has occurred at the inner and outer edges of the part (micrograph shows
outer edge only) as a result of greater strain hardening at the surface, as evidenced by the
grain refinement along with an absence of pearlite (see Figure 35).

Spring Arming Wire Housing Assembly

The micrograph reveals a fine banded dispersion of small particles of a chromium inter-
metallic phase typical of a 6061 aluminum alloy in the T6 condition. The material conforms
to QQ-A-250/1l (see Figure 36).

Tension Spring

Transformation of some austenite to martcnsitc in 302 stainless steel during forming can
be observed in the micrograph. Flow lines are additional indications of processing, as spcci-
fied in ASTM A313 (see Figure 37).

Tube, Guide Wire

The micrograph reveals evenly dispersed precipitates, and is representative of drawn 3003
aluminum alloy, as specified in QQ-A-200/1 and WW-T-700/2 (see Figure 38).
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Figure 31. Optical micrograph of the link showing a microstructure representative
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Figure 33. Optical micrograph of the self-locking nut microstructure
revealing pools of pearlite within a ferritic matrix. MAG 500X
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Figure 34. Optical micrograph of the setscrew showing a typical
tempered martensitic microstructure. MAG 80X
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COATING THICKNESS MEASUREMENTS

The coating thickness of cadmium-plated or zinc-plated specimens were measured utilizing
cross-sectional specimens examined within the metallograph.

The plating on the shock absorber achieved a thickness of 0.001 inch (sce Figure 39).
The plating thickness conforms to NAVAIR Engineering Drawing No. 2605175.

The cadmium plating on the clevis bolt was 0.0006 inch (see Figure 40) conforming to
QQ-P-416 for Class B coating, as specified in MIL-B-6812D.

The cadmium plating on the self-locking nut was 0.001 inch (see Figure 41) conforming
to QQ-P-416 for Class B coatings, as specified in MIL-N-25027E.

The cadmium plating on the setscrew was 0.0005 inch (see Figure 42), conforming to MIL-
F- 18240D.

Ehergy dispersing spectroscopy (EDS) was performed on a transverse cross section of the
link pin to determine the composition of the coating. An analysis of the coating elements
confirmed a zinc plating, as well as a chromate treatment (see Figure 43). The zinc plating
on the link pin was 0.0002 inch (see Figure 44) which does not conform to NAVAIR Engi-
neering Drawing No. 1562347 (see the Recommendations section). The thickness specified in
ASTM B633 for Type II, SC4 is a minimum of 0.001 inch. It is highly probable that an insut-
ficient plating thickness contributed to the link pin failures when subjected to the salt spray
test.

A zinc chromate primer and paint were applied to the surface of the spring arming %wirc
housing assembly (see Figure 45). The zinc chromate primer and paint coatings werc both
0.002 inch conforming to NAVAIR Engineering Drawing No. 923AS225.

4P.

Plating

Metal

Figure 39. Optical micrograph of the shock absorber revealing
a plating thickness of 0.001 inch MAG 1000X
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Figure 40. Optical micrograph of the clevis bolt revealing a plating thickness
of 0.0006 inch. Slight decarburization is evident at the surface. MAG 100OX

Metal

Figure 41. Optical micrograph of the self-locking nut revealing a
plating thickness of 0.001 inch. MAG 500X
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~ Metal

Figure 42. Optical micrograph of the setscrew revealing a
plating thickness of 0.0005 inch. MAO 800X
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Figure 43. EQS results confirming zinc plating and chromate treatment of the link pin
(Note: The sample was coated with gold paladium prior to SEM examination

accounting for their presence on the graph.)
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Plating(Y

Metal

Figure 44. Optical micrograph of the link pin revealing a plating thickness of 0.0002 inch. MAG 100OX

~. Paint

Primer

',Chromate

Metal

Figure 45. Optical micrograph of spring arming wire housing assembly showing
a chemical conversion coating, primer, and paint MAG 500X
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INTERGRANULAR CORROSION TEST

Procedure

An intergranular corrosion test was performed on three bomb fins in -accordance with
MIL-H-6088F. The bomb fins were fabricated from 7075 aluminum alloy which was later
heat treated to the T6 condition. Specimens were cut directly from the bomb fins, as shown
in Figure 15 (see "Fin"). The dimensions of the specimens were 3/4 inch in width, 1-3/6 inch
in length, and 5/32 inch in depth. The surface of each specimen was sanded with a 600-grit
emery paper to produce an even finish and no other finishing techniques were used, as
required by the specification.

The specimens were subjected to a one minute etching solution containing nitric acid at
70% concentration, hydrofluoric acid at 48% concentration, and distilled water. The speci-
mens were then rinsed in distilled water before immersion for one minute in a 70% nitric
acid solution at room temperature. Finally, the specimens were placed in a solution prepared
in the following manner: a volume of a solution continuing 57 g sodium chloride and 10 ml
hydrogen peroxide (30% conc.) totalling 30 ml for each square inch of specimen surface area
was diluted to one liter with distilled water. The immersion period in this solution was six
hours at 86 0F ± 90F, as specified.

The specimens were sectioned and prepared for metallographic analysis after the six hour

test period.

Results

Overall, the specimens displayed no severe intergranular corrosion. Referring to Figure
46, the observed corrosion was between a severity of "a" or of "b," as shown in Figure 47.
Figure 47 displays slight corrosion along the grain boundaries of as-polished specimen. Figure
48 shows the same region in the etched condition. Figure 49 reflects the same region at
50OX magnification. However, a few localized regions with severities of "e" were observed on
each specimen. Figure 50 is a representative micrograph displaying this type of severity.
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Figure 46. Five degrees of severity of intergranular attack.
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Figure 47. Type "a' or *" severity of corrosion along the grain boundaries
of an as-polished specimen. MAG 1 OX

of an aspl~e pcie.MG
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Figure 49. Type 'a" or "b" severity of corrosion along the grain boundaries of
the same region in the as-etched condition. MAG 500X

Figure 50 Type "e" severity of corrosion along the grain boundaries of a
specimen in the as-polished condition MAG 50OX
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TENSILE TEST

Twelve tensile specimens were sectioned from three different BSU-86/B bomb fins and
machined per ASTM E 8, "Rectangular Tension Test Specimens" (see Figure 51). These speci-
mens were cut perpendicular to the rolling direction of the bomb fin material. The fins are
required to have an ultimate tensile strength of 73,000 psi, as specified on NAVAIR Engineer-
ing Drawing No. 923AS160. As shown in Table 15, these specimens exceed this requirement.
Tensile tests were performed on an Instron Electromechanical Test Machine at room tempera-
ture (70 0F) and 50% relative humidity.

L

13 A

IWIi'N- ATH
G

G Gage Length Dimensions = inches
W -Width
T Thickness Sheet-Type, 1/2-in. Wide
R - Radius of fillet, min
L Over-all length, min 2.000 _t 0.005
A Length of reduced section, m;n 0.500 ± 0.010
B Length of grip section, min thickness of material
C - Width of grip section, approximate

1/2
8
2 1/4
2
3/4

Figure 51. Rectangular tension test specimens.
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Table 15. TENSILE TEST RESULTS HEADSPEED = 0.05 IN/MIN. 2 INCH - 10% EXTENSOMETER

Original Gage Modulus
Specification Original Area Length RA Elon. (x 10) UTS
Identification (sq. in.) (in.) (%) (%) (psi) (psi)

DRI 1A 0.0778 2.000 14.1 15.4 9.8 83,290

1B 0.0779 2.000 21.2 12.5 9.6 83,180

1C 0.0772 2.000 22.7 14.9 9.8 83,420

2A 0.0787 2.000 14.4 8.0 8.4 83,230

2B 0.0780 2.000 16.9 12.3 9.9 83,970

2C 0.0773 2.000 22.5 12.2 10.3 83,310

3A 0.0782 2.000 24.7 15.3 9.4 83,760

3B 0.0782 2.000 24.7 14.7 9.6 84,020

3C 0.0772 2.000 19.3 11.8 10.1 83,290

4A 0.0777 2.000 21.9 16.8 9.1 82,880

4B 0.0775 2,000 14.2 10.0 9.7 83,230

4C 0.0770 2.000 17.4 15.0 9.7 83,770

VHTC

1 0.0198 1.010 21.2 12.5 8.4 82,830

II 0.0197 1,010 25.4 11.6 10.2 83,250

RECOMMENDATIONS

Link Pin Replate Procedure

The zinc plating of a link pin (NAVAIRSYSCOM Drawing No. 1562347) was measured as
part of a First Article Inspection of DRI. The thickness requirement for a SC4 service condi-
tion (very severe, as described on the engineering drawing) is 0.001 inch, as specified by
ASTM B 633-85. The actual thickness measured no greater than 0.0003 inch.

As a result of this, a study was performed to determine whether to replate over the chrornite
coating to the required thickness or to remove the original chromate coating before rcplating.

It was found that it is not feasible to rcplate zinc over a chromate coating bccause it tlocs
not provide a suitable adhesion base for the zinc plating.

Therefore, the chromate coating must be stripped and a zinc plating applied to the existing
zinc. Metallic coatings are often stripped and "replated because of insufficient thickness. Acid for-
mulations used as strippers must be strong enough to remove the coating being stripped yet should
not attack the base metal. The process recommended for this particular problem is chromic acid
immersion. This is a chemical method for selectively stripping metallic coatings. This immersion
process removes deposits by dissolution. Immersion strippers are preferred over electrolytic strip-
pcrs (which plate out metal ions on cathodes) because the stripping is more uniform and less equip-
ment is needed. In addition, since racking is not required there is an increased ease of operation.
This method is also preferred from an economic standpoint as no electricity is required.
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The procedure calls for a 30 second to one minute dip of the part into chromic acid at a con-
centration of 210.0 g/L (28.0 oz/gal) at a temperature of 190°F to 2120F. 1 The part should then
be washed thoroughly. This process does not attack the base metal, yet to prevent possible prob-
lems due to hydrogen embrittlement, the part should be baked at 3750F for 23 hours before
another zinc plating is applied.

CONCLUSIONS

All components tested conformed to the established criteria for hardness and chemical
composition.

The components satisfied the acceptance standards for salt spray testing except for the link
pin.

Metallographic examination verified that the microstructure of all components reflected their
corresponding heat treatment and/or prior fabrication.

The thickness of the surface coatings conformed to required specifications, with the exception
of the zinc plating located on the link pin which did not meet minimal thickness requirements.

The bomb fins satisfied the minimum ultimate tensile strength (UTS) of 73,000 psi and
the requirements of the intergranular corrosion test.

I. Stripping Metal Coatings, Charles Rosenstein, Metal Finishing (Yuidcbxxk and I)ircctory., 19).
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